Optimization Experiments
We investigated various reaction conditions, of which selected examples are summarized in We observed racemization in the presence of strong bases such as CsOAc and Cs 2 CO 3 under the reaction conditions. Therefore, a weak base (KOAc) was selected for further studies. The optimization result was summarized in Table 2 , and the comparison of the reaction with CsOAc and KOAc were shown in Figure 1 .
<Table 2> Optimization of asymmetric conditions. 18-crown-6 (2.0 equiv) CsF (2.0 equiv) base (0.5-2.5 equiv) CPME, 4 o C We also checked the leaving group effect, interestingly, the choice of chloride and bromide leaving groups on substrate 2a was found to be inconsequential in terms of reactivity and enantioselectivity. Next, various silyl groups on substrate 2 were evaluated under the reaction conditions, and it was found that the proper rate of ortho-quinone methide (o-QM) production was achieved by the use of an equimolar combination of crown ether and cesium fluoride in conjunction with the tertbutyldimethylsilyl (TBS)-protected phenol substrate (Table 3) . For substrate screening experiments, tolerance to substitution on the benzyl bromide derivative 2 was also investigated. Various substituents were tolerated at the C-3, C-4, and C-5 positions affording the desired products in good to high yields and high enantioselectivities. However, the bromides including electron-withdrawing groups at C-5 positions were not suitable substrates, and no desired products were obtained. The SM (o-QM precursor) was mostly recovered, this indicates that the generation of o-QM did not take place properly. 
General Procedure for the [4+2] Annulation Reaction via NHC Catalysis
The starting acyl imidazoles 1 were prepared based on the previous procedure 3 : The appropriate acid (1.0 equiv) was dissolved in dry dichloromethane (0.3 M), and CDI (carbonyldiimidazole, 1.5 equiv) was added at 0 o C. The resulting mixture was stirred for 2 h at RT, washed with dichloromethane and sat. sodium bicarbonate solution. After drying over MgSO 4 , residue solvent was removed under reduced pressure, the resulting acyl imidazole was used for the reaction without further purification. The vial was capped with a septum cap, removed from the drybox and put under positive nitrogen pressure. The mixture was dissolved in 1.0 mL of dry CPME (cyclopentyl methyl ether) and stirred for 10 min at 4 o C. Then, benzyl bromide 2 (0.4 mmol, 2.0 equiv.) dissolved in 0.6 mL of dry CPME was added slowly. After 15 hours at 4 o C, the reaction mixture was filtered ovr a pad of silica washing with ethyl acetate and concentrated under reduced pressure. Purification by flash chromatography with ethyl acetate/hexanes afforded the corresponding racemic dihydrocoumarin 3. imidazol-1-yl)-3-phenylpropan-1-one and (2-(bromomethyl)phenoxy)(tert-butyl)dimethylsilane.
General Procedure for Racemate Preparation

General Procedure for the Asymmetric [4+2] Annulation Reaction via NHC catalysis
The reaction mixture was purified by flash chromatography using 5% EtOAc/hexane to afford the product (34 mg, 71% yield) as a colorless oil. (S)-3-(4-methylbenzyl)chroman-2-one (3b): Prepared according to the general procedure using
The reaction mixture was purified by flash chromatography using 5%
EtOAc/hexane to afford the product (36 mg, 70% yield) as a white solid. 151.6, 136.4, 134.9, 129.4, 129.0, 128.3, 124.4, 122.4, 116.6, 40.9, 35 4, 122.2, 116.6, 115.6, 115.4, 40.9, 34.8, 28.3; IR (film) 2923 IR (film) , 1758 IR (film) , 1588 IR (film) , 1510 IR (film) , 1488 IR (film) , 1457 IR (film) , 1357 IR (film) , 1280 IR (film) , 1230 IR (film) , 1194 IR (film) , 1159 IR (film) , 1128 IR (film) , 1109 IR (film) , 1024 The reaction mixture was purified by flash chromatography using 5% EtOAc/hexane to afford the product (26 mg, 67% yield) as a colorless oil. The reaction mixture was purified by flash chromatography using 5% EtOAc/hexane to afford the product (29 mg, 71% yield) as a colorless oil. 8, 149.5, 138.1, 133.9, 129.2, 128.7, 128.7, 128.6, 126.7, 122.0, 116.2, 40.9, 35.6, 28.2, 20.7; IR (film) 2957 IR (film) , 1764 IR (film) , 1589 IR (film) , 1489 IR (film) , 1458 IR (film) , 1368 IR (film) , 1232 IR (film) , 1188 IR (film) , 1137 IR (film) , 1105 5, 149.4, 133.7, 128.6, 128.5, 122.4, 116.1, 45.5, 26.9, 25.4, 20.7, 20.6, 18.8; IR (film) 2957 IR (film) , 1762 IR (film) , 1580 IR (film) , 1455 IR (film) , 1264 IR (film) , 1180 (R)-3-isopropyl-7-methylchroman-2-one (3i): Prepared according to the general procedure using 1-(1H-imidazol-1-yl)-3-methylbutan-1-one and (2-(bromomethyl)-5-methylphenoxy)(tertbutyl)dimethylsilane. The reaction mixture was purified by flash chromatography using 5%
EtOAc/hexane to afford the product (27 mg, 67% yield) as a pale yellow oil. 5, 151.4, 138.3, 127.9, 124.9, 119.5, 116.8, 45.6, 26.9, 25.1, 21.1, 20.6, 18.7; IR (film) 2962 IR (film) , 1768 IR (film) , 1627 IR (film) , 1585 IR (film) , 1509 IR (film) , 1416 IR (film) , 1370 IR (film) , 1258 IR (film) , 1229 IR (film) , 1140 IR (film) , 1120 IR (film) , 1092 IR (film) , 1012 4, 35.5, 28.3; IR (film) 3120, 2880 IR (film) 3120, , 1763 IR (film) 3120, , 1601 IR (film) 3120, , 1489 IR (film) 3120, , 1434 IR (film) 3120, , 1360 IR (film) 3120, , 1266 IR (film) 3120, , 1202 IR (film) 3120, , 1124 IR (film) 3120, , 1078 ; LRMS (EI); Mass calcd for 23.7, 6.7 Hz), 44.9, 26.9, 25.5, 20.5, 18.7; IR (film) 3071, 2962 IR (film) 3071, , 1749 IR (film) 3071, , 1600 IR (film) 3071, , 1490 IR (film) 3071, , 1456 IR (film) 3071, , 1437 IR (film) 3071, , 1369 IR (film) 3071, , 1340 IR (film) 3071, , 1265 IR (film) 3071, , 1236 IR (film) 3071, , 1187 IR (film) 3071, , 1163 IR (film) 3071, , 1141 IR (film) 3071, , 1099 38.6, 36.7, 29.6, 25.3, 22.8, 21.8; IR (film) 2959 IR (film) , 1754 IR (film) , 1490 IR (film) , 1435 IR (film) , 1368 IR (film) , 1221 IR (film) , 1189 IR (film) , 1140 IR (film) , 1112 8, 150.1, 137.6, 129.4, 129.1, 128.7, 128.3, 128.1, 126.9, 124.0, 117.9, 40.4, 35.5, 28.1; IR (film) 2959 IR (film) , 2161 IR (film) , 1766 IR (film) , 1480 IR (film) , 1454 IR (film) , 1416 IR (film) , 1234 IR (film) , 1194 IR (film) , 1128 IR (film) , 1081 151.5, 139.9, 128.3, 128.2, 127.0, 126.5, 124.4, 122.3, 116.6, 41.0, 29.7, 28.4; IR (film) 3310, 3150, 2460 IR (film) 3310, 3150, , 1850 IR (film) 3310, 3150, , 1768 IR (film) 3310, 3150, , 1469 IR (film) 3310, 3150, , 1416 IR (film) 3310, 3150, , 1264 IR (film) 3310, 3150, , 1124 IR (film) 3310, 3150, , 1081 
